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(54) Coated cutting tool insert 

(57) The present invention relates to a coated ce- 
mented carbide inserts (cutting tool), particularly useful 
for milling at high cutting speeds In steels and milling in 
hardened steels. 

The inserts are characterised by a WC-Co cement- 



ed cariDide containing NbC and TaC and a W-altoyed 
binder phase and a coating including a first, innermost 
layer of TiC^NyO^ with equiaxed grains, a layer of 
TiCxNyO^ with columnar grains and at least one layer of 
AI2O3 consisting essentially of the K-phase. 



CM 
< 

o> 

CD 
CM 

in 

CO 



IIJ 






Figl 



03 

m 



r~ 
m 

o 

o 

-< 



Printed by Jouvo, 75001 PARIS (FR) 



BNSOOCIO: <EP 1352697A2J_> 



EP 1 352 697 A2 



10 



15 



20 



25 



30 



35 



Description 

Ues are worn according to drff erent -^Jj^^^^^^^^ and a p^stic deformation of 

At high cutting speeds, the amount a^.^ff^^;",*^ «ear by other mechanisms. The domination of any of 

the cutting edge may occur. wh«.h .n y'^^^.f^^^^^^^^ on both properties of the work pjece and 

the wear mechanisms is detemimed ^^^P^^^!"^^";;^^^^^ .s also often limited by edge chipping caused by so- 
applied cutting parameters. In nn.ll-ng aPI^Kja^o"^. ^^'^.^j'JJ^J'-rhg ^^^^s originate from the varying themial and 

called comb cracks that /^^^^^^^^^^^^^^ intem^rttent cutting process. This is often even more 

-!Sr;nrSr:^:=^^^ .spe^to asped. weartyp. However. 

100031 Measures can be taken to '■"P^J^^J^J^*^^^^^^^^^ an'd successful tool composite materials 

tery often such actions will have «"«9at«/e effect 'jn ot^^^^^^ P .^^^^^^ ^^^^^^ „ear 

must be designed as careful °P«'^'^^^«'"f,° ™ phase content. However, this will also diminish 

resistance and resistance to plastic 'fj^J^I^^^^^ in applications where factors like vibrations 

thetoughness of thecutting insert Which can substa^^^^^^^^^ 

or the presence of casting or '-S-S ^ J'" P^^^^^^^ ^i^fNbC. This will also increase the wear resistance when 

rhrn::gir:^-xri^™^ 

and edge chipping tendencies. nrnnerties simultaneously, commercial cemented carbide 

Lnd sminless steels with -^J"'^.^'^^^^."/,'^^^^^ carbide with a low content of cubic 

r.i^rdtrarrwX:^^^^^^^^^^^^ 

grains and a top layer of T.N and an '''^Z!!^^^.^^^^^^^ useful for milling in low and medium alloyed steete 
[00061 US 6,177.178 describes a coated milh^ '"^^^^ns The insert is characterised by a WC-Co cemented 
wfth or Without raw surface zones f ""J*;^;;^,^ 

carbide with a low content of cubic carbides and ah gnv waiioy a top layer of TiN. 

o?T.C with columnar grains, an inner layer of '^J'f^ ^^f^Vw^s^^^ ^ medium alloyed steels 

P0071 Vo 01/1 6389 discloses a coated mHI-ng P^^^^^^^^^^^ "at S cutting speed. and milling hardened steels 
wfth or without abrasive surface zones ^"'^^^Z.^XS^TZLr^tJcartiidB with a low content of cubic carbides 

Uels and stainless steels as well as for turmng^^^^^^^^ 

ro"^::^r~ 

composed of K-AI2O3 and TiC,NyO '^yers^ nertormance can be obtained by combining many different 

[OOMl It has now been found tha excellent perfomiance at high cutting speeds 

eatu4s of the cutting tool. Preferably for '^"^J' ^^^.^^^^^^^ 
jr ^^ .nri medium alloyed ^te H as well as milling in haK^g^g^^,^^ ^^^'^ 
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^^^^^^^^^^^^^^ 

r001 01 The cutting tool insert according to preserrtjnveijjon m ^ ^.^^ ^^^^ g^^,^ 

hsk-^^^^^^'^^^^^ - ' """"" 

rr.^" "^'?"x 

55 1 . Cemented carbide body 

2. An innemiostTiCxNyO^-layer. 

3 A TiC^NyOj layer with columnar grains. 

4 An AI2O3 layer consisting essentially of K-AI2O3. 
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[0012] According to the present invention, a coated cutting tool insert is provided witli a cemented carbide body 
having a composition of 7.9-8.6 wt% Co, preferably 8.0-8.5 wt% Co. most preferably 8.1-8.4 wt% Co; 0.5-2.1 wt%, 
preferably 0.7-1 .8 wt%, most preferably 0.9-1 .5 wt% total amount of cubic carbides of the metals Ti, Nb and Ta and 
balance WC. Ti, Ta and/or Nb may also be replaced by other carbides of elements from groups IVb, Vb or VIb of the 
5 periodic table. The content of Ti Is preferably on a level corresponding to a technical impurity. In a preferred embodiment, 
the ratio between the weight concentrations of Ta and Nb is within 1.0-12.0, preferably 1.5-11.4, most preferably 
3.0-10.5. 

[0013] The cobalt binder phase is medium to highly alloyed with tungsten. The content of W in the binder phase may 
be expressed as the S-value=o/1 6.1 , where a is the measured magnetic moment of the binder phase in jiTm^kg***. 
fo The S-value depends on the content of tungsten in the binder phase and increases with a decreasing tungsten content. 
Thus, for pure cobalt, or a binder in acementedcarbidethat is saturated with carbon, S=1 and for a binder phase that 
contains W in an amount that corresponds to the borderline to formation of T|-phase, S=0.78. 

[0014] It has now been found according to the present invention that improved cutting perfomnance is achieved if 
the cemented carbide body has an S-value within the range 0.81 -0.95, preferably 0.82-0.94. most preferably 0.85-0.92. 
[0015] Furthermore, the mean intercept length of the tungsten carbide phase measured on a ground and polished 
representative cross section is in the range 0.4-0.9 \im, preferably 0.5-0.8 pm. The intercept length Is measured by 
means of Image analysis on micrographs with a magnification of lOOOOx and calculated as the average mean value 
of approximately 1 000 Intercept lengths. 

[0016] The coating according to a preferred embodiment includes:. 

20 

a first, innermost layer of TiCxNyO^ with 0.7<x+y+2<1 .preferably 2<0.5, more preferably y>x and z<0.2, most pref- 
erably y>0.7, with equiaxed grains and a total thickness <1 yxm preferably >0.1 ^m. 

a layer of TiCxNyO^ with 0.7<x+y+2£l , preferably with z<0.2, x>0.3 and y>0.2, most preferably x>0.4, with a thick- 
ness of 0.5-7 ^im, preferably 1 -6 p,m, most preferably 2-6 pm, with columnar grains. 
25 - at least one layer of AI2O3 consisting essentially of the K-phase. The layer may also contain small amounts of the 
a-phase as determined by XRD-measurements. The AI203 layer has a thickness of 0.2-5 p.m, preferably 0.3-4 
p.m, and most preferably 0.4-3 p.m. 

the outermost AI2O3 layer can be followed by further layers (<1 pm, preferably 0.1-0.5 |jjn thbk) of TiC^NyO^. 
HfC^NyO^ or ZrC^NyOj or mixtures thereof with 0.7^4.y+zsl .2, preferably with y>x and 2<0.4, more preferably 
30 y>0.4, most preferably y>0.7, but an AI2O3 layer can also be the outermost layer. 

[0017] The present Invention also relates to a method of making a coated cutting tool with a composition of 7.9-8.6 
wt% Co. preferably 8,0-8.5 wt% Co. most preferably 8.1-8.4 wt% Co; 0.5-2.1 wt%, preferably 0.7-1 .8 wt%, most pref- 
erably 0.9-1 .5 wt% total amount of cubic carbides of the metals Ti, Nb and Ta and balance WC. Ti, Ta and/or Nb may 
55 also be replaced by other carbides of elements from groups IVb, Vb or Vlb of the periodic table. The content of T\ is 
preferably on a level corresponding to a technical impurity. In a preferred embodiment, the ratio between the weight 
concentrations of Ta and Nb is within 1 .0-12.0, preferably 1 .5-11 .4, most preferably 3.0-1 0.5. 

[001 8] The desired mean Intercept length depends on the grain size of the starting powders and milling and sintering 
conditions and has to be determined by experiments. The desired S-value depends on the starting powders and sin- 

^0 taring conditions and also has to be determined by experiments. 

[001 9] The layer of TiC^NyO^ with 0.7^+y+2<1 , preferably with z<0.2, x>0.3 and y>0.2, most preferably x>0.4, having 
a morphology of columnar grains, is deposited with MTCVD-technique onto the cemented carbide using acetonitrile 
as the carbon and nitrogen source for fomiing the layer in the temperature range of 700-950 ^C. 
[0020] The Innermost TiCj^NyOz layer, the alumina layers and subsequent TiCxNyOz, HfCxNyO^ or ZrC^NyO^ layers 

45 If any are deposited according to known technique. 

[0021] The invention also relates to the use of cutting tool inserts according to above for dry milling at high cutting 
speeds in steels and dry milling in hardened steels at cutting speeds of 75-400 m/min with mean chip thickness values 
of 0.04-0.20 mm. depending on cutting speed and insert geometry. 

50 Example 1 . 

[0022] Grade A: A cemented carbide substrate in accordance with the invention with the composition 8.2 wt% Co, 
1 .2 wt% TaC, 0.2 wt% NbC and balance WC, with a binder phase alloyed with W corresponding to an S-value of 0.87 
was produced by conventional milling of the powders, pressing of green compacts and subsequent sintering at 1 430''C. 
55 Investigation of the microstructure after sintering showed that the mean intercept length of the tungsten carbide phase 
was 0.65 |am. The substrate was coated in accordance with the invention with four subsequent layers deposited during 
the same coating cycle. The first layer was a 0.2 (im thick TiC^NyO^ layer with z<0. 1 and y>0.6, having equiaxed grains. 
The second layer was 4.1 of columnar TiC^NyO^ deposited at 835-850'*C with acetonitrile as carbon and nitrogen 
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XRD Showed minor traces of "^^^^ b" o^W nitrogen rich T. wrth z<0.1 and y>0.8 was 

^ n reflections were less than 1/3. unaiiy a wye 

;:=2CiroC:i— ^^^^^^ 



Operation 


Face milling 


Cutter diameter 


125 mm 


Woric piece 


Bar, 600 mm x 75 mm 


Material 


SS1672, 185HB 


Insert type 


SEKN1203 


Cutting speed 


300 m/min 


Feed 


0.25 mm/tooth 


Number of teeth 


1 


Depth of cut 


2.5 mm 


Width of cut 


75mm. 


Coolant 


Yes 
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Results 


Tool life (min) 


r^rade A (qrade according to mvention) 


14 


■ rirade B (substrate according to inveniion; 


10 


" tirade C (coating according to inveniion, 


8 



so 



prior art substrate. 

^ of AI2O3 and 0.4 Jim of TiC^NyO^. 
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[ Operation 


Face milling 


Cutter diameter 


125 mm 


Work piece 


Bar, 600 mm x 26 mm 


Material 


SS2541,240HB 


Insert type 


SEKN1203 1 



EP 1 352 697 A2 



10 



(continued) 



Operation 


Face milling 


C Letting speed 


200 m/min 


Feed 


0.2 mm/tooth 


Number of teeth 


1 


Depth of cut 


2.5 mm 


Width of cut 


26 mm 


Coolant 


Yes 



IS 



20 



Results 


Tool life (min) 


Grade A (grade according to invention) 


20 


Grade C (substrate according to invention) 


12 


Grade D (prior art) 


17 



25 



[0027] The tool life was limited due to destruction of the cutting edge as consequence of propagation of comb cracks 
due to varying themrial and mechanical loads. In this test the coatings of the compared grades were of similar type and 
the differences in tool life is principally a consequence of constitutional differences between the tested substrates. The 
test shows that the cemented carbide substrate according to the invention exhibits longer tool life than the two grades 
containing less and more binder phase. 
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[0028] Grade E: A commercial cemented carbide cutting insert with composition 9.4 wt% Co, 7.2 wt% TaC, 0.1 wt% 
NbC, 3.4 wt% TiC and balance WC. The binder phase is alloyed with W con^esponding to an S-value of 0.85, and the 
mean Intercept length of the WC is 0.7 |im. The Insert is coated with a 1 .5 pjn thicic Ti^AI^.^N layer. 



. Operation 


Copy milling 


Cutter diameter 


35 mm 


Work piece 


Bar, 350 mm x 270 mm 


Material 


SS2242. 38 HRC 


Insert type 


RPHT1204 


Cutting speed 


200 niAnin 


Feed 


0.22 mm/tooth 


Number of teeth 


3 


Depth of cut 


2 mm 


Width of cut 


5-32 mm 


Coolant 


No 



55 



Results 


Tool life (min) 


Grade A (grade according to invention) 


65 


Grade B (substrate according to invention) 


25 


Grade E (prior art) 


41 



[0029] The tool life was limited by flank wear and edge chipping. This test shows that compared to straight TiCxNyO^ 
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edge strength and edge chipping resistance. 



Example 4: 
[0030] 
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Operation 


Face milling 


Cutter diameter 


125 mrn 


Woric piece 


Bar, 300 mm x 80 mm 


Material 


SS2244.48HRC 


Insert type 


SEKN1203 


Cutting speed 


200 m/min 


Feed 


0.15 mmftooth 


Number of teeth 


1 


Depth of cut 


2.5 mm 


Width of cut 


40 mm 


Coolant 


1 No 



25 



30 



Results 


Tool life (min) 


Grade A (qrade according to invention) 


15 


Grade C (coating according to invention) 


^ - 
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caSdes of the metals Ta and Nb. the ratio between «f '^^^^^^^^^^^ 0.4-0.9 jun. preferably 0.5-0.8 ^ 
0.82-0.94 and in that said coating comprises 



:-U.tl**- aii« ^ ^ — Su — 

preferably y>0.4. 
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3. A method of making a cutting tool insert, comprising a cemented carbide body and a coating particularly useful in 
milling at high cutting speeds in low and medium alloyed steels and milling in hardened steels characterized in 
depositing on a cemented carbide body with a composition of 7.9-8.6 wt%, preferably 8.0-8.5 wt% Co, 0.5-2.1 
wt%. preferably 0.7-1 .8 wt% a total amount of cubic carbides of the metals Ta and Nb. the ratio between the weight 

5 concentrations of Ta and Nb Is within 1 .0-12.0, preferably 1 .5-11 .4 and balance WC with a mean intercept length 

in the range 0.4-0.9 jim, preferably 0.5-0.8 [im and the binder phase being alloyed with W corresponding to an S- 
value within the range 0.81-0.95, preferably 0.82-0.94 a coating comprising 

a first, innermost layer of TiCxNyOz with 0.7<x-i-y-i-z<1 , preferably 2<0.5, more preferably y>x and z<0.2, with 
10 equiaxed grains and a total thickness <1 ^m, preferably >0.1 \in\ 

a layer of TiCxNyO^ with 0.7<x+y+z<1 , preferably with 2<0.2, x>0.3 and y>0.2, preferably x>0.4. with a thick- 
ness of 0.5-7 Jim, preferably 1-6 jim, with columnar grains 

at least one layer of AI2O3 consisting essentially of the K-phase possibly containing small amounts of the a- 
phase as detemnined by XRD-nrieasurements and having a thickness of 0.2-5 jjim, preferably 0.3-4 \un. 

15 

4. The method of claim 3 characterized in depositing an outer layer of TiC^NyO^, HfC^NyO^ or ZrC^NyO^ or mixtures 
thereof with 0.7<x+y+z<1.2, preferably with y>x and z<0.4, more preferably y>0.4. 

5. Use of a cutting tool insert according to claims 1 -4 for dry milling at high cutting speeds in steels and dry milling 
20 in hardened steels at cutting speeds of 75-400 m/min at mean chip thickness values of 0.04-0.2 mm, depending 

on cutting speed and insert geometry. 
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(57) The present Invention relates to a coated ce- 
mented carbide inserts (cutting tool), particularly useful 
for milling at high cutting speeds in steels and milling in 
hardened steels. 

The inserts are characterised by a WC-Co cement- 



ed carbide containing NbC and TaC and a W-alloyed 
binder phase and a coating including a first, innermost 
layer of TiC^NyOz with equiaxed grains, a layer of 
TiC^NyO^ with columnar grains and at least one layer of 
AI2O3 consisting essentially of the K-phase. 
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